The implication of proteasomes in HMG CoA reductase degradation in animal cells is consistent with earlier findings in the yeast
by the observation that the epitope tag is protected from In the current study, we test the hypothesis that insig-1 digestion when sealed membrane vesicles are digested plays a role in the sterol-regulated degradation of HMG with trypsin in vitro (data not shown). Expression of the CoA reductase. For this purpose, we use Chinese hamplasmid is driven by the strong CMV promoter, and the ster ovary (CHO) cells that are transfected with a cDNA plasmid is designated pCMV-HMG-Red-T7. encoding HMG CoA reductase under control of the Figure 1 shows an experiment in which the pCMVstrong cytomegalovirus (CMV) promoter. When HMG HMG-Red-T7 was introduced into wild-type CHO-K1 CoA reductase is overexpressed to this degree, the encells by transient transfection, and the protein was visuzyme no longer shows rapid degradation when sterols alized by SDS-PAGE and immunoblotting with monoare added. We attribute this to a saturation of some component of the degradative machinery that interacts clonal anti-T7 antibody. To deplete the cells of sterols, . Twenty hours after transfection, cells were preincubated for 1 hr in methionine/cysteine-free medium C supplemented with 1% hydroxypropyl ␤-cyclodextrin, after which they were pulse labeled for 1 hr with 250 Ci/ml 35 S-methionine in medium C. Cells were then chased in medium C supplemented with 0.5 mM unlabeled methionine and 1 mM unlabeled cysteine, in the absence (Ϫ) or presence (ϩ) of sterols (1 g/ml 25-hydroxycholesterol and 10 g/ml cholesterol) plus 10 mM sodium mevalonate as indicated. Following the indicated chase period, cells were harvested, lysed, and subjected to immunoprecipitation with monoclonal anti-T7 IgGcoupled agarose beads as described in Experimental Procedures. Aliquots of immunoprecipitates (normalized for equal 35 S radioactivity incorporated into total cell protein) were subjected to SDS-PAGE and transferred to nylon membranes. Filters were exposed for 48 hr to an imaging plate at room temperature and scanned in a Fuji X Bas 1000 Phosphorimager, and the image was photographed. S radioactivity into HMG g/ml of 25-hydroxycholesterol and 10 g/ml cholesterol added in ethanol. These sterol-treated cells also CoA reductase, as visualized by immunoprecipitation with the anti-T7 antibody followed by SDS-PAGE and received a high concentration of mevalonate (10 mM).
In sterol-depleted cells, we observed a band of fullvisualization in a phosphorimager ( Figure 2A, lanes a-d) .
In the absence of insig-1, the amount of show that all of the cells express equivalent amounts resistant to sterol-mediated ER retention (Nohturfft et of endogenous SCAP as well as the truncated versions, al., 1998). Previous studies showed that the full-length and 25-hydroxycholesterol had no effect on their ex-SCAP binds insig-1, whereas the Y298C mutant protein pression. does not (Yang et al., 2002) . In the absence of insig-1, To demonstrate directly the sterol-mediated intersterols plus mevalonate had no effect on the amount of action of HMG CoA reductase and insig-1, we used HMG CoA reductase, and the SCAP plasmids also had coimmunoprecipitation ( Figure 5A ). CHO-K1 cells were no effect (Figure 3, lanes 1-6) . When we cotransfected transfected with pCMV-HMG-Red-T7 with or without the insig-1 plasmid, sterols plus mevalonate reduced pCMV-Insig-1-Myc and incubated in sterol-depleted or the amount of HMG CoA reductase (lanes 7 and 8) . The sterol-repleted conditions. Five hours prior to harvest, the cells received ALLN to block sterol-induced degrasterol effect was abolished when we overexpressed the Myc (lanes 1, 2, and 4-7) and 2 g pCMV-HMG-Red-T7 (lanes 3-7) . The total DNA in each lane was adjusted to 3 g/dish by the addition of pcDNA3 mock vector. Three hours after transfection, cells received a direct addition of 2 ml of medium A adjusted to produce final concentrations of 5% lipoproteindeficient serum, 50 M sodium compactin, 50 M sodium mevalonate, and sterols (1 g/ ml 25-hydroxycholesterol and 10 g/ml cholesterol) plus 10 mM sodium mevalonate as indicated. After 16 hr, each dish received a direct addition of 4 l of dimethyl sulfoxide to give a final concentration of 65 M ALLN. After incubation for 5 hr, cells were harvested, lysed, and subjected to immunoprecipitation with monoclonal anti-T7 IgG-coupled agarose as described in Experimental Procedures. Equal fractions of resuspended pellet and supernatant ("Sup.") solutions were subjected to SDS-PAGE and immunoblotting with 5 g/ml monoclonal anti-Myc IgG (against insig-1) and 1 g/ml monoclonal anti-T7 IgG (against HMG CoA reductase). Filters were exposed to film for 45 s (top panel) or 10 s (bottom three panels). (B) On day 1, cells were transfected in 3 ml of medium A containing 5% FCS, 1 g pCMV-HMG-Red-T7(TM1-8), and 10 ng pCMV-Insig-1-Myc. Six hours after transfection, cells were incubated for 16 hr in 3 ml of medium A containing 5% lipoprotein-deficient serum, 50 M sodium compactin, 50 M sodium mevalonate, and sterols (1 g/ml 25-hydroxycholesterol and 10 g/ml cholesterol) plus 10 mM sodium mevalonate as indicated. Four hours prior to harvest, each dish received a direct addition of 3 l of ALLN to give a final concentration of 65 M. Cells were harvested, lysed, and subjected to immunoprecipitation with polyclonal anti-Myc IgG as described in Experimental Procedures. Equal fractions of resuspended pellet (lanes 1-6) and supernatant (lanes 7-12) solutions were subjected to SDS-PAGE and immunoblotting with 1 g/ml monoclonal anti-T7 IgG (against HMG CoA reductase) and 1 g/ml monoclonal anti-Myc IgG (against insig-1). Filters were exposed to film for 10 s (top panel) or 1 s (bottom panel).
In this initial study, we have not attempted to dissect ated reductase degradation may point the way to agents that accelerate this process, perhaps by increasing the the separate effects of mevalonate-derived sterols and nonsterol isoprenoids on HMG CoA reductase interac- CHO-K1 cells were transfected in medium A supplemented with 5% U/ml penicillin and 100 g/ml streptomycin sulfate) supplemented FCS as described above. Twenty hours after transfection, cells were with 5% (v/v) fetal calf serum (FCS).
washed with phosphate-buffered saline (PBS) and switched to meHuman 293S cells (Reeves et al., 1996) , stably transfected with dium C (methionine/cysteine-free Dulbecco's modified Eagle's methe wild-type or Y298C version of pCMV-CBP-Flag-SCAP(TM1-6)-dium containing 100 U/ml penicillin, 100 g/ml streptomycin sulfate, Myc or pCMV-CBP-Flag-SCAP(TM1-5)-Myc (Yang et al., 2002) , were 5% lipoprotein-deficient serum, 50 M sodium compactin, and 50 grown in monolayer at 37ЊC in 5% CO 2 and maintained in medium B M sodium mevalonate) supplemented with 1% (w/v) hydroxypropyl (Dulbecco's modified Eagle's medium containing 100 U/ml penicillin ␤-cyclodextrin. After 1 hr at 37ЊC, the cells were pulse labeled with and 100 g/ml streptomycin sulfate) supplemented with 10% (v/v) 250 Ci/ml of 35 S protein labeling mix (NEN) in 1.5 ml medium C. FCS and 500 g/ml G418. Sterols were added to the culture medium After labeling for 1 hr, the medium was removed, and the cells in a final concentration of 0.1% or 0.2% (v/v) ethanol.
were washed with PBS and chased for various times in medium C supplemented with 0.5 mM unlabeled methionine and 1 mM unlabeled cysteine in the absence or presence of sterols (1 g/ml 25-Transient Transfection of CHO-K1 Cells Transfections were performed as previously described (Rawson et hydroxycholesterol and 10 g/ml cholesterol) plus 10 mM sodium mevalonate. Following the chase, the medium was removed, and al., 1999) with minor modification. CHO-K1 cells were transfected with 3 g DNA/dish in 60 mm dishes. For each transfection, the cells were washed three times with cold PBS, lysed in 1 ml of PBS containing 1% (v/v) Nonidet P-40, 1% (w/v) deoxycholate, 5 FuGENE-6 DNA Transfection Reagent (Roche Molecular Biochemicals) was added to 0.2 ml medium A at a ratio of 3 l FuGENE-6 mM EDTA, 5 mM EGTA, and 0.1 mM leupeptin, and clarified by centrifugation at 20,000 ϫ g for 20 min at 4ЊC. The supernatant was per 1 g DNA. Conditions of incubation are described in the figure legends. At the end of the incubation, triplicate dishes of cells for adjusted to 1 ml with lysis buffer, and an aliquot (5 l) was removed for acetone precipitation followed by scintillation counting of the each variable were harvested and pooled for analysis.
